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Abstract
Preliminary volcanological mapping
has been carried out in the western
part of the Bakony- Balaton Highland
Volcanic Field (BBHVF) around
Szigliget (Hungary) village. Pyroclastic
rocks form the three distinct hillsides in
the area, and show similar north-west-
ward dip direction and textural and
compositional characteristics, ugges-
tive of a complex but closely related
volcanic system in the area.
The pyroclastic deposits have been
grouped into three units according to
their textural, compositional nd strati-
graphic characteristics. Unit 1, which
represents the lowermost stratigraphic
position, crops out in the southern side
of the study area. lt consists of coarse-
grained, matrix-supported massive to
weakly bedded, accidental lithic clast-
rich, block-bearing lapilli tuffs / tuff
breccias, extremely rich in deep-seated
accidental lithic and peridotite lherzolite
clasts. Unit 2, which represents an in-
termediate stratigraphic position, crops
out in the southern and north-east hill-
tops. lt consists of coarse-grained ac-
cidental lithic clast-rich, normal graded,
bedded, vitric lapilli tuffs I tutt beds.
Deep-seated accidental lithic clasts are
common, but large peridotite lherzolite
fragments are relatively rare. Unit 3,
which represents the highest strati-
graphic position in the area, crops out
in the northwestern side. lt consists of
fine-to-coarse grained, bedded, acci-
dental lithic clast-rich vitric lapilli tutf I
tuff beds. Deep-seated lithic clasts as
well as peridotite lherzolite fragments
are rare. Accidental lithic clasts, de-
rived from shallow pre-volcanic strata(Neogene sediments), have a domi-
nant proportion of pyroclastic rocks in
this unit.
In each unit the volcanic glasses are
angular, non- to highly vesiculated
tephrite to phono-tephrite shards. The
presence of sideromelane glass shards
and the large amount of accidental
lithic clasts in beds from each units
indicate subsurface phreatomagmatic
explosive processes during formation
of pyroclastic rocks at Szigliget. The
pyroclastic rocks are interpreted as
part of a former crater rim deposit
around a maar basin which subse-
quently subsided inward into a vent.
Unit 1 is interpreted to be a lower dia-
treme deposit and Unit 2 and Unit 3 a
series of near-vent pyroclastic density
currents and fallout ephra.
lntroduction/geological setti n g
Szigliget consists of a predominantly
pyroclastic-covered series of three hills
located on a small peninsula on the
northern shoreline of Lake Balaton(Fig. 1). The pyroclastic rocks belong
to the Late Miocene alkaline basaltic
Bakony-Balaton Highland Volcanic
Field (Hungary) (Jugovics 1969; Borsy
et al. 1986). The basement has a gen-
eral stratigraphy of Silurian schist (very
low-grade metamorphised psammitic,
pelitic beds: (Csdsz6r and Lelkesn6-
Felvdri 1999)) and Permian Red Sand-
stone (continental alluvial formations:
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(Majoros 1999)) (Majoros, 1999), over-
lain by Mesozoic, predominanily car-
bonate, sequences (Eastern Alps-type
sequence: (KAzm6r and Kovdcs 1995))(Kazm6r and Kov6cs, 1gB5). These
beds are covered by thick Neogene
sediments of gravels, sandstones and
mudstones deposited from the Late
Miocene Pannonian Lake and related
fluvial systems (Bence et al. 1999). At
Szigliget, the basement rocks are in
progressively deeper positions towards
the west following a series of N-S
trending normal fault-displaced blocks.
These form an elongated basin (Ta-
polca Basin) west of the studied area(Dudko, 1999). At Szigliget, the esti-
mated depth of rock formations older
than the Neogene sediments are 
-200
m and it is believed that the schist
beds are a few hundred metres below
the surface (Dudko l ggg). In general,
the pre-volcanic Neogene sediments
around Szigliget are in a subhorizontal
position, but it is possible that the N-S
trending faults might have caused
large scale tilting of entire blocks(Csillag, 2000, pers. comm.).
In this short note we will provide a brief
description of the separate pyroclastic
units then a possible reconstruction of
an eruptive mechanism and the posi-
tion of the former volcanic landforms.
Pyroclastic succession of Szigliget
Unit 1
Description
Beds of this unit crop out in the south-
ern part of the studied area, close to
the present shoreline of Lake Balaton.
This locality occupies the lowest
topographic position in the entire
BBHVF, although its stratigraphic posi-
tion has been the subject of much de-
bate (Jugovics 1969; Borsy et al.
1986). There is no visible contact with
other units or the pre-volcanic strata.
The unit consists of thickly bedded,
massive, unsorted, matrix-supported
lapilli tuff and/or tuff breccia. lt is very
rich in accidental ithic clasts from the
pre-volcanic stratigraphic unit espe-
cially rich in large peridotite lheaolite,
amfibolite clasts (Embey-tsztin 1976).
The accidental ithic clasts are semi-
rounded to angular, distributed chaoti-
cally in a quartzofeldspatic sand grain-
rich matrix. Juvenile fragments, max20
volo/" by visual estimation, are angular
to abraded moderately vesiculated
sideromelane glass shards with a
phono-tephrite composition. There are
no bomb sags or other notable sedi-
mentological features. Occasionally
weak imbrication of schist clasts can
be identified, but it is not very obvious.
The occurrence of unit 1 is correlated
with a large negative gravity anomaly
in the area.
lnterpretation
The matrix-supported, unsorted char-
acteristics of this deposit without any
well-developed bedding suggests,,en
masse" deposition of a collapsing
phreatomagmatic eruption column and
are interpreted as venVconduit filling(lower diatreme) lapilli tuff / tuff breccia(White 1991, 19gO). The presence of
large amounts of deep-seated acciden-
tal lithic clasts suggests very active
vent dynamics during explosive proc-
esses with possible repeated venU
conduit collapse. The presence of
clasts from the deeper-known pre-vol-
canic stratigraphic units (i. e. schist)
indicates that the explosion focus at
this stage of the eruption must have
been several hundred metres below
the syn-volcanic surface (at least 
-7OO
m plus erosion since the volcanism)
and that the conduit must have been in
a semi-sealed state.
'poleq Apq0rls ere {eql il uo^o sedeqs
rcpn6erl eABq uego fuen sluorulpos
aueboep re6re'1 'olqerlor lou sl uoll
-euodsuerl lo uolleululrolop snql 's6es
lcedul pedolenep-llo^ esnpc lou plp
slcolq e6rel 'sruu pepege {1ptueq1
{q pepunoJJns ore slueuber; luor,urpos
eue6oeS; ra6rel 'oleos uc pue uu
lP qtoq uouruoc fuen ere s1o1c upt6
zpenb mq 'le{ poqpcsop uooq lou
a^pq spoq lllldel Iieuorle.rccv '$nl pup
gn1 rg1del oql lo xulptu pouosun o$ ul
pesreds;p 4etecllep ere suter6 zuenb
aql '(s1ueu;pes eua0oeS) eleJls
cruec;on-erd /u\olptls tuorl palpop
slcor cllsepor{d aLll lo uoluodo.td }ueu
-luop alll luasordsr slselc cpllll leluop
-lccv 
'aJer ole sluau0er; eillozrotll
a1loppad sp lle^ sp slselc clrlill paleas
-dae6 '#nl pue $nl lllldel cpl!^ tlcp
-lsplc clr.lill pluoplcce 'pappoq 'peuler6
asrPoc-ol-auu lo slsrsuoc ll 'eoJe
Apnp oLll lo apls tsom-t|uou aql uo lno
sdolc pue BarB eql ul uolllsod clrldBt0
-[e4s peq6lq oqt sluosotdet 1un s;q1
uofldpcsa1
e trun-
'uunloc uorldnre qlBu6euol
-eerqd e uiorl mollel {q uoqlsodep
tueserder {eltt orotu spoq gnl lllldel
peurerO-esreoc otll seoroLli (OOO I
'ur{os pue qbnoq3 :OgO I qbnoqg
pue uqos :ZgO I IqOUM pue seC
:?fl6l olcuruqcs pue reqsll) sluer
-tnc {}rsuop o!}splcor{d uollerluecuoc
-^ ol olqrssod pue luolnqJnl {q pelsod
€p oJoA s#nl pue sgnl rllrdel poppaq
€unp rolpue 'Alulrll 'peuler0-eug eql
'uorsnlouoc slr.ll suoddns osle sluout
6e:1 alquennI lo [1tte1nclsen teq01q
aqI 'poslllqels pPq lpM unpuoc eLll
lprll Jolpue uedo uooq o^eq lsnu luon
6u[dnre oq] leq] soleclpu! spoq aql
ruu sluaurOer; ctqlg leluoplccp pelsos
-ladeep lo lunoue lolleus stll tlllm
.uaqleOot 'f1ue;ncrsan raqOgq Jloq] pup
squaur6e4 elluennflo ]unoule e6tel eq1 "sJepu 
Jolpup s6u;r gn1 6ugutto; suots
'o1dxe ocelnsqns selpcrpur slselc cltll!l
pluoplcce lo lunoue e6reg e lo ecuo
-serd oql 'spoq esoLll rol u;01ro uo;s
-o1dxe cgeu6euoleerqd 'fteurrd e ;o
enrlse06ns oJp suuo;peq Abreue-q63q
{psor.r.r aql pue spaq lo sJn}xal poyos
-un olll 's1se1c p.llll lptuoplcce pasred
-slp {;au11 r.lll/r^ paxlur spJeqs ssel6
ouelor,uoJepls regnOue lo acuoserd eq1
uoueptdtelul
'edeqs,,lep!nlL'pele6uo;e ue
q1rur {puorsecco'uorlrsoduroc elyqdel
-ouoqd 'elrqrdel qil^A lllldpl pue qse
ouelouoraprs eur;1e1sfucoJcrru [;e1e
-ropour o1 [glearn 'pelelncrsen {q6;q
o1 Apeenn ore slselc olluo^nf '(slcerc
lelpele 
'r) rurr palcollp {pureql onpq
uollo slueur6erl ouolspues eue6oeS
ebrel 'socuelslp rsleerO le snonull
-uocsrp uogo oJe speq pue 'fuen uec
's#nl Jolpue sgnl lllld€l peuprb rau;;
u1 {p;cadse 'seueld Oulppag 'sounp
(seleu) qfuelenerur 6uo; pue (ucp o1
uc) epnlldtue mo1 qil^ poppoq-ssorc
Alleuorsecco'poppaq fuotelnpun Jolpue
poppoq-lle^ oJP spoq unl oql 'lserluoc
u! lpelueurec-o1clec pue peyoddns
-lsplc A1;euorsecco 'xrrletu u! rarood
{pnsn are spoq gn1 rglrdel aq1 '(e11oz
-ror.{l eiltopped lo slueuOerl ualorq
ro our^llo pozrs-rur,u Jo -r.lrc lo uuol eql
u1) erer {;enr1e1er ae sluaur6erl el1oz
-Joql oillopped e6rel lnq 'roleuelp ul
sr..uc Aal e;o eOeraAE ue qlr/rl uoturuoc
arp slselc clqlrl leluoprme pelees-deeg
'culeuu{s /v\olpr4s {pnsn ere {aqt
pue luosord {lleuorsecco rp sOes ped
-r.r.r 'dreqs are sece1lns poq oqf 'speq
$nl pue gn1 r1;rde; orlr^ 'poppeq 'peper6
lPuilou 'Llcu-lsBlc a!Lll!l leluoplccp
'pouosun'peurer6-esJeoc l slsrsuoc
1 
'teftl6rzs le socuanbes c;1selcor{d ;o
lunouie lsebrel [lpecpleunlon sLll srurol
pue sdoilllLl ulalsea-Uilou pue uJaqlnos
aql ul 1no sdorc pue uolllsod clrlderOll
-erls elelporurolur up sluosorder Z ilun
uolydpcsaq
MR
The unit has a sharp contact with the
pre-volcanic Neogene sediments ac-
cording to Borsy et al (1989), but it has
not been confirmed due to extensive
debris flanks, thus this information can
be used only with caution. From the
exposed lower part of the pyroclastic
unit to the top of the section the unit is
very uniform, the only change is that
up-section an increase in the amount
of juvenile, vesiculated glass shards
can be traced. The intercalated, thin,
dune-bedded sequences are more
common in the middle part of the unit.
lnterpretation
The presence of delicately dispersed
angular, microvesicular sideromelane
glass shards in an unsorted quartzo-
feldspatic matrix indicates a primary
explosive, phreatomagmatic origin of
the beds of this unit. The large amount
of accidental lithic clasts from shallow
depths (Neogene sandstone) suggests
shallow sub-surface phreatomagmatic
explosive origin. The presence of
baked margins around larger sand and
mudstone fragments, especially up-
section, is indicative of higher tem-
perature/lower water content of these
disrupted strata allowing occasional
baking of the disrupted sand frag-
ments. In contrast, the fluidal shape of
large silt clasts, and the clot-like distri-
bution of the quartzo-feldspatic sand
grains are more indicative of wet con-
ditions at the moment of magma/
sediment contact. These conditions
could be attained uring a high magma
discharge period, when a large amount
of magma had sudden contact with
wet, unconsolidated sediment. The un-
dulatory, dune- or parallel bedding in-
dicates deposition by low-concentra-
tion pyroclastic density currents and
associated co-surge fallout (Sohn and
Chough 1989). The stratigraphic posi-
tion of unit 3 compared to units 1 and 2
suggests that it might be associated
with a more distal crater rim sequence
than unit 2, or that unit B represents an
individual volcanic explosion pipe filled
with a subsequenily inwardly-subsiding
former crater rim sequence (coilapse
structure) (Fig.2).
Conclusion
The three units identified by our pre-
liminary mapping at Szigliget are prod-
ucts of a phreatomagmatic explosive
activity generating relatively low-con-
centration pyroclastic density currents
and phreatomagmatic fallout tephra.
According to the lithology, general dis-
tribution, and volume of the accidental
lithic fragments in the beds of the units,
the subsurface explosions must have
extended up to 1000 metres depth
relative to the syn-volcanic surface.
Units 1 and 2 are closely related,
probably stratigraphically, with the lat-
ter being the younger (Fig. 2). From
the presently available data, however,
it is hard to reconstruct heir relation
with unit 3. lf the sharp contact with the
pre-volcanic sandstone beds reported
by Borsy et al (1989) is accepted (or
can be confirmed in the future) it might
indicate that unit 3 was deposited on
the Neogene sediments as a pre-vol-
canic paleo-surface. In this view unit 3
should be interpreted as a distal ,true"
crater rim sequence related to a larger
maar/diatreme structure as repre-
sented by units 1 and 2.
A general dip direction very similar in
each pyroclastic bed (Fig. 1) implies
the possibility of late tectonic move-
ments in the entire area. There are two
equally reasonable solutions (Figs. 2/1
and 2/2): (1) unit 3 alone represents
the remnant of an individual volcanic
pipe filled with subsequentty inwardly-
subsided and gently tilted former crater
rim sequences (collapse structure) in-
dependent of the structures built up by
unit 1 and 2; (2) unit 3 represents an
early product of a more comptex and
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larger remnant of volcanic onduit filled
with tilted and slipped, former crater
rim beds (subsequently tilted to the
northwest) centred around the locality
of unit 1 (Fig. 2/2). ln the second hy-
pothesis, unit 3 must represent a distal
crater rim bed deposited early in the
eruptive history on the pre-volcanic
surface (Fig. 2/2). ln this hypothesis,
units 1 and 2 represent a more proxi-
mal facies of a subsequently devel-
oped sequence with a former crater rim
sequence (unit 2) collapsed into a con-
duit.
At this stage of our study, it is difficult
to say what the exact relation between
the 3 hillsides and the described 3 py-
roclastic units is. There is no positive
evidence to reconstruct them either as
individual diatremes or the entire area
as a large diatreme. This question will
provide the focus for further research
in the area and possibly require drill
core data between the hills.
References
Bence, G., Budai, T., Csillag, G.(1999). El6t6ri medenc6k (Foreland
basins) [in Hungarian and English].
In: Budai, T., Csillag, G. (ed.). A
Balaton-felvid6k f6ldtana (Geology
of the Balaton Highland). Buda-
pest, Geological Institute of Hun-
gary,  '197:106-111
Borsy, 2., Balogh, K., KozAk, M.,
P6cskay, Z. (1986). Ujabb adatok a
Tapolcai-medence fejl6d6stdrt6-
net6hez (Contributions to the evo-
lution of the Tapolca-basin, Hun-
gary) [in Hungarian with English
abstractl. Acta Geographica
Debrecina,23:79-1A4
Cas, R., Wright, J. (1987). Volcanic
Successions, Modern and Ancient.
Allen and Unwin, London Boston
Sydney Wellington, pp 528
Cs6sz6r, G., Lelkesn6-Felvdri, G.(1999). Balatoni Fillit Form6ci6c-
soport (Balaton Phyllite Formation
group). In: Budai, T., Csillag, G.(ed.). A Balaton-felvid6k fdldtana(Geology of the Balaton Highland)
[in Hungarian and English]. Buda-
pest, Geological Institute of Hun-
gary, 197:15-21
Dudko, A. (1999). A Balaton-felvid6k
szerkezete (Structural geology of
the Balaton Highland) lin Hungar-
ian and Englishl. In: Budai, T.,
Csillag, G. (ed.). A Balaton-felvid6k
foldtana (Geology of the Balaton
Highland). Budapest, Geological
lnstitute of Hungary, 197:133-145
Embey-lsztin, A. (1976). Amphi-
bole/lherzolite composite xenolith
from Szigliget, North of the Lake
Balaton, Hungary. Earth Planet.
Sci. Lett., 31:297-3O4
Fisher, R.V., Schmincke, H.-U. (1984).
Pyroclastic Rocks. Heidelberg,
Springer, pp 474
Jugovics, L. (1969). A Balatonfelvid6k
6s a Tapolcai medence bazalt-
vid6k6nek f6ldtani jellegei. (Geo-
logical characteristics of the basalt
lands at the Balaton Highland and
in the Tapolca Basin) [in Hungar-
ianl. MAFI Jel 1968,223-243
K{zm6r, M., Kovdcs, S. (1985). Per-
mian-Palaeogene palaeogeogra-
phy along the eastern part of the
Insubric-Periadriatic Lineament
system: evidence for continental
escape of the Bakony-Drauzug
Unit. Acta Geo. Hung .28:71-84
Majoros, G. (1999). Balatonfelvid6ki
Homokk6 Form6ci6 (Balaton
Highland Sandstone Formation) [in
Hungarian and Englishl. In: Budai,
T., Csillag, G. (ed.). A Balaton-
felvid6k fdldtana (Geology of the
Balaton Highland). Budapest,
Geological Institute of Hungary,
197:26-31
/L-L :99 ''SsU 'Uraqloae
'loumlon'p'suolldnle clleu6eurol
-eerqd lo scrueulp uollcelalut pue
sluelooc erndug '(g001) 'l'G'n 'allqM
ggz-6ez:e9 "loupclon
'llng 'VSn '(euozuy) uoleN oBney
'sounE ldoH te us[eu0eruoleetqd
auarlerp-reey1'(1001)'l'C'f 'o1LlM
ggg-Zeg :gg 'f6o1o1ueur;peg '(eet
-oy) puelsl n[aq3 '6uu gn1 Ouoqlnm
-nS oql lo sessaco.d puorl;1;sod
-oO '(6961) 'y'S 'qbnoqg '')'A'utlos
MASSEY UNIVERSITY
MASSEY RESEARCH ONLINE http://mro.massey.ac.nz/
Massey Documents by Type Journal Articles
The Szigliget maar/diatreme, Bakony-
Balaton Highland Volcanic Field (Hungary)
Nemeth, Karoly
2000-01-01
http://hdl.handle.net/10179/9620
20/01/2020 - Downloaded from MASSEY RESEARCH ONLINE
